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1
PROGRAM GENERATING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2016-221014
filed on Nov. 11, 2016, the contents of which are incorpo-

rated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a program generating
apparatus that generates a program for controlling a wire
clectrical discharge machine.

Description of the Related Art

Japanese Laid-Open Patent Publication No. 2013-144335
discloses an apparatus that generates a machining program
for controlling a wire electrical discharge machine so as to
cause a workpiece to hold a core, which 1s an 1nner portion
of the workpiece, 1n place inside the workpiece by depos-
iting the component of a wire electrode to arbitrary regions
of the core.

SUMMARY OF THE INVENTION

After a roughing 1s finished by the wire electrical dis-
charge machine, core handling for removing cores from the
workpiece 1s performed. The core handling 1s performed by
applying an impact to the core held in the workpiece by
means ol a robot. However, 1n the technology disclosed in
Japanese Laid-Open Patent Publication No. 2013-144335,
since no program 1s generated to make a robot perform core
handling, 1t 1s necessary for the user to separately create a
program for causing the robot to perform core handling,
which requires a lot of effort by the user.

The present invention has been devised to solve the above
problem, and 1t 1s therefore an object of the present invention
to provide a program generating apparatus capable of reduc-
ing the user’s eflort for programming.

According to one aspect of the present invention, there 1s
provided a program generating apparatus including: an input
unit configured to be operated by a user to thereby input a
machining shape of a workpiece, and a program generating,
unit configured to generate a machining program configured
to control a wire electrical discharge machine so as to
machine the workpiece 1n accordance with the input machin-
ing shape of the workpiece and so as to {ix, to the workpiece,
a core which 1s produced when the workpiece 1s machined.
In the program generating apparatus, the program generating
unit generates a core handling program configured to control
a robot so as to remove the core from the workpiece by
applying an 1mpact to the core 1n accordance with the input
machining shape of the workpiece. With this configuration,
it 15 possible to reduce the user’s labor required for pro-
gramming.

The above program generating apparatus according to the
aspect of the present invention may further include a display
unit configured to display on a screen of the display unit the
input machining shape of the workpiece and a shape of the
core obtained 1n accordance with the machining shape of the
workpiece, and may be constructed such that the mput unit
designates an arbitrary position on the core displayed on the
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2

screen of the display unit by being operated by the user, and
the program generating unit generates a core handling

program configured to set the arbitrary position designated
by the mput unit as a core handling position and control the
robot so as to apply an impact to the core at the core handling
position. This configuration enables the user to designate a
core handling position by a simple operation while the
program generating unit can generate a program for causing
the robot to perform core handling at the core handling
position.

In the above program generating apparatus according to
the aspect of the present invention, the program generating
unit may generate a core handling program configured to set
a center ol gravity of a shape of the core obtamned 1n
accordance with the input machining shape of the workpiece
as a core handling position and control the robot so as to
apply an impact to the core at the core handling position. As
a result, the core handling position can be automatically set
without the need of any user iput as to core handling
position, and the program generating unit can generate a
program for causing the robot to perform core handling at
the core handling position.

In the above program generating apparatus according to
the aspect of the present invention, when the core obtained
in accordance with the mput machining shape of the work-
piece includes multiple cores, the program generating unit
may generate a core handling program configured to set the
core handling position for each of the cores and control the
robot so as to apply an impact to each of the cores at the set
core handling position. Thereby, it 1s possible to generate a
program for causing the robot to perform core handling on
multiple cores.

According to the present invention, 1t 1s possible to reduce
the user’s labor required for programming.

The above and other objects features and advantages of
the present mvention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which a preferred embodiment
of the present invention 1s shown by way of illustrative
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a wire electrical dis-
charge machining system having a wire electrical discharge
machine;

FIG. 2 1s a schematic diagram showing an example of a
workpiece that has been primarily machined;

FIG. 3 1s a block diagram of a program generating
apparatus;

FIG. 4A 1s a diagram showing a display example of the
screen of a display umt before setting a core handling
position;

FIG. 4B 1s a diagram showing a display example of the
screen ol the display unit after setting a core handling
position;

FIG. 5 1s a flowchart showing the flow of a program
generating process performed 1n a processing unit;

FIG. 6 1s a flowchart showing the flow of a program
generating process performed 1n a main program generating
unit, a machining program generating unit and a core
handling program generating umnit;

FIG. 7 1s a diagram showing an example of a main
program generated by the main program generating unit;

FIG. 8 1s a diagram showing an example of a machining
program generated by the machiming program generating
unit; and
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FIG. 9 1s a diagram showing an example of a core
handling program generated by the core handling program

generating unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of a program generating appa-
ratus according to the present mmvention will be detailed
below with reference to the accompanying drawings.
[Overall Configuration of Wire Electrical Discharge
Machining System]

FIG. 1 1s a schematic diagram of a wire electrical dis-
charge machiming system 10 having a wire electrical dis-
charge machine 12. FIG. 2 15 a schematic diagram showing
an example of a workpiece W that has been subjected to
primary machining. The wire electrical discharge machining,
system 10 1ncludes a wire electrical discharge machine 12,
a robot 14 and a numerical control device 16. The wire
clectrical discharge machine 12 and the robot 14 are
installed on a base 56.

The wire electrical discharge machine 12 1s a machine
tool that performs electrical discharge machining on a work-
piece W by applying a voltage across an electrode gap
between a wire electrode 18 and the workpiece W 1n a
dielectric working fluid to generate electrical discharge. The
wire electrode 18 1s made of, for example, tungsten-based,
copper alloy-based, brass-based metal or the like. The mate-
rial of the workpiece W 1s, for example, a metal matenal
such as an 1ron-based material, a superhard matenal (e.g.,
tungsten carbide), or the like.

The wire electrical discharge machine 12 includes a
work-pan 20 capable of storing a dielectric working fluid
such as deionized water, oil, etc., used 1n electrical discharge
machining. A worktable 22 on which a workpiece W 1s
placed 1s disposed 1n the work-pan 20. Further, a lifting door
32 which moves up and down automatically i1s provided on
a side surface portion of the work-pan 20. The worktable 22
1s provided so as to be movable 1n the X-axis and Y-axis
directions orthogonal to each other, by unillustrated servo-
motors. Wire guides 24 for guiding the wire electrode 18 are
arranged above and below the worktable 22 in the work-pan
20. In FIG. 1, the wire gmde 24 disposed below the
worktable 22 1s not shown. The periphery of the individual
devices installed on the base 56 1s surrounded by a wall 30.
The wire electrical discharge machine 12 machines the
workpiece W 1nto a desired shape by moving the worktable
22 with the workpiece W placed thereon while applying
voltage to the wire electrode 18.

The wire electrical discharge machine 12 has a core
holding function of causing the workpiece W to hold a core
C formed at the time of primary machining on the workpiece
W. In the primary machining by the wire electrical discharge
machine 12, as shown in FIG. 2, the wire electrode 18 starts
from a start hole 34 of the workpiece W, follows an approach
path 36, makes a circuit along a shaping line 40, and then
returns to the start hole 34 passing through the approach path
36 once again. The wire electrical discharge machine 12
welds and deposits the component of the wire electrode 18
at multiple arbitrary points on the shaping line 40, whereby
the core C 1s fixed to the workpiece W to thereby cause the
workpiece W to hold the core C at the points. FIG. 2 shows
an example 1 which four fixing positions 38a to 384 are
formed, but the number of fixing positions 38a to 384 1s not
limited. In the following description, the fixing positions 38a
to 384 are generally described as fixing positions 38.
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The robot 14 1s an articulated robot having an arm 14a and
a detachable end eflector 145 attached to a distal end of the
arm 14a. The robot 14 can perform various operations such
as gripping the workpiece W by the end efiector 145. The
robot 14 can move the end effector 145 to a desired position
by moving the joints of the arm 14a. The robot 14 grips an
unmachined workpiece W, which 1s stored 1in a workpiece
stocker 26, by the end eflector 145 and attaches it to the
worktable 22. Further, the robot 14 detaches the workpiece
W that has been primarily machined, from the worktable 22
by the end eflector 146 and places the workpiece W within
a core handling areca 28. The robot 14 performs a core
handling process on the workpiece W. The core handling
process 1s a process of applying an impact to the core C held
by the workpiece W by the end eflfector 145 of the robot 14
to thereby remove the core C from the workpiece W.

The numerical control device 16 generates control signals
for controlling the wire electrical discharge machine 12 and
the robot 14 in accordance with the machining program and
the core handling program, and outputs the control signals to
the wire electrical discharge machine 12 and the robot 14.
The machiming program and the core handling program are
generated on an external computer 44 (FIG. 3) and sent to
the numerical control device 16.

[Program Generating Apparatus]

FIG. 3 1s a block diagram of a program generating
apparatus 42. The program generating apparatus 42 receives
data on a machining shape of the workpiece W input by the
user, and generates a machining program and a core han-
dling program for controlling the wire electrical discharge
machine 12 and the robot 14 according to the mput data of
the machining shape of the workpiece W. The program
generating apparatus 42 includes a computer 44, an 1nput
unmit 46, and a display unit 48.

The computer 44 1s, for example, a personal computer or
the like. The input unit 46 and the display unit 48 are
connected to the computer 44. The input unit 46 1s a device
capable of entering characters, designation of positions,
graphics, etc., by user operation. Examples of the input unit
may include a keyboard, a mouse, etc. The display unit 48
1s a device capable of displaying characters and 1mages on
the screen, such as a liquid crystal display and the like. The
computer 44 includes a main storage unit 50, a processing
umt 52, and an auxiliary storage unit 54. The main storage
unit 50 1s, for example, a RAM or the like. The processing
unit 52 1s a CPU or the like, including a shape creating unit
52a, a main program generating unit 325, a machining
program generating unit 52¢, and a core handling program
generating unit 524. The auxiliary storage unit 34 1s, for
example, a magnetic disk, an optical disk or the like.

The main storage unit 30 temporarly stores information
mput and output with respect to the processing unit 52.
Though every piece of the information iput to and output
from the processing unit 52 passes through the main storage
umt 50, description to the eflect that the information passes
through the main storage unit 50 will be omitted 1n the
following explanation. The processing unit 52 performs a
variety of arithmetic processing based on information input
from the mput unit 46, the programs stored 1n the auxiliary
storage unit 34, and the like. The auxiliary storage unit 54
stores various kinds of information 1n addition to the pro-
gram to be executed 1n the processing unit 52 as described
above.

The shape creating unit 32qa creates a machiming shape of
the workpiece W. The shape creating umit 52a reads infor-
mation on the machining shape of the workpiece W input
through the input unit 46 by user operation. For inputting the
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information on the machining shape of the workpiece W, the
user selects a desired pattern from among linear patterns,
curved line patterns, etc., by clicking the corresponding icon
on the display unit 48 using the mouse, and then enters
information on the lengths of the linear patterns, information 5
on the radn of the curved line patterns, information on
dimensional tolerance, etc., through the keyboard. The shape
creating unit 52q creates a machining shape of the work-
piece W based on the read information on the machining
shape of the workpiece W. The machining shape of the 10
workpiece W created by the shape creating unit 52q 1s added
with the information on dimensional tolerance. Further, the
shape creating unit 52a creates the shape of the core C based
on the created machining shape of the workpiece W.

The shape creating unit 52a computes control signals for 15
displaying the created machining shape of the workpiece W
and the created shape of the core C on the screen of the
display unit 48, and outputs the computed control signals to
the display umit 48. The display unit 48, based on the control
signals, displays the machining shape of the workpiece W 20
and the shape of the core C on the screen. The shape creating
unit 52a outputs the created machining shape of the work-
piece W and the created shape of the core C to the auxiliary
storage unit 54. The auxiliary storage umt 54 stores the
machining shape of the workpiece W and the shape of the 25
core C output from the shape creating unit 52a thereinto.

The main program generating unit 525 generates a main
program that causes the numerical control device 16 to
control the wire electrical discharge machine 12 and the
robot 14. The main program 1s a program including a 30
command to control the robot 14 so as to attach the work-
piece W to the worktable 22, a command to control the robot
14 so as to detach the workpiece W from the worktable 22,

a command to invoke the machining program, and other
commands. 35
The machining program generating unit 52¢ generates a

machining program that causes the numerical control device

16 to control the wire electrical discharge machine 12 and
the robot 14. The machining program generating unit 52c¢
includes a machining count setting unit 33q¢ and a {ixing 40
position setting unit 535.

The machining count setting unit 534 sets the number of
times that the workpiece W 1s machined. The machining
count setting unit 53¢ sets the number of times of machining
depending on the dimensional tolerance of the workpiece W. 45
Alternatively, the user may input the number of times by
operating the input unit 46, and the machining count setting
unit 53a may set the input number of times as the number of
times of machining. For example, when the number of times
of machining 1s set at 3, primary machining (roughing), 50
secondary machining (semi-finishing), and tertiary machin-
ing (fimshing) are performed on the workpiece W.

In fixing the core C to the workpiece W, the fixing position
setting unit 335 sets fixing positions 38 at which the com-
ponent of the wire electrode 18 1s welded and deposited. The 55
fixing position setting unit 535 receives the machining shape
of the workpiece W and the shape of the core C from the
auxiliary storage unit 54, and determines the optimum fixing
positions 38 based on the center of gravity of the input shape
of the core C and other factors. It 1s also possible for the user 60
to operate the mput unit 46 and select positions on the
machining shape of the workpiece W and the shape of the
core C displayed on the screen of the display unit 48, so that
the fixing position setting unit 535 sets the selected positions
as the fixing positions 38. 65

The machining program generating unit 52¢ generates a
machining program, based on the machining shape of the
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workpiece W and the shape of the core C read from the
auxiliary storage unit 34, the number of times of machining
set by the machining count setting unit 53a and the fixing
positions 38 set by the fixing position setting unit 535. The
machining program generating unit 52¢ outputs the gener-
ated machining program to the auxiliary storage umit 54,
which stores the recerved machining program.

The core handling program generating unit 524 generates
a core handling program that causes the numerical control
device 16 to control the wire electrical discharge machine 12
and the robot 14. The core handling program generating unit
52d includes a core handling position setting unit 53c.

The core handling position setting unit 53¢ sets a core
handling position 58 at which the robot 14 applies an impact
to the core C. FIG. 4A 1s a diagram showing a display
example of the screen of the display unit 48 before setting
the core handling position 58. FIG. 4B 1s a diagram showing
a display example of the screen of the display unit 48 after
setting the core handling position 38.

The core handling position setting umt 53¢ reads the
machining shape of the workpiece W and the shape of the
core C stored 1n the auxiliary storage umt 54. The core
handling position setting unit 53¢ computes control signals
for displaying the machining shape of the workpiece W and
the shape of the core C thus read, on the screen of the display
umt 48, and outputs the signals to the display unit 48. The
display unit 48, based on the control signals, displays the
machining shape of the workpiece W and the shape of the
core C on the screen (FIG. 4A).

The user operates the input umt 46 and designates a
desired position on the core C displayed on the screen of the
display unit 48, as a core handling position 58. The core
handling position setting unit 53¢ sets the position desig-
nated by the user, as the core handling position 38. The core
handling position setting unit 33¢ calculates a control signal
for displaying a mark indicating the core handling position
58 designated by the user on the screen of the display unit
48 and outputs the signal to the display umit 48. The display
umt 48, based on the control signal, displays the mark
indicating the core handling position 58 on the screen (FIG.
4B). The core handling position setting unit 53¢ may cal-
culate the center of gravity of the read shape of the core C,
and set the calculated center of gravity as a core handling
position 58. The center of gravity of the core C herein 1s the
center of gravity of the shape defined on a plane by the
shaping line 40 in FIG. 4B.

The core handling program generating unit 524 generates
a core handling program, based on the machining shape of
the workpiece W and the shape of the core C read from the
auxiliary storage unit 54 and also based on the core handling
position 58 set by the core handling position setting unit 53c¢.
The core handling program generating unit 324 outputs the
generated core handling program to the auxiliary storage
unmt 54, and the auxiliary storage unit 54 stores therein the
core handling program received from the core handling
program generating unit 524
[Program Generation Process]

FIG. 5 1s a flowchart showing the flow of a program
generation process performed 1n the processing unit 52.

At step S1, the shape creating unit 524 creates a machin-
ing shape of the workpiece W, and the control proceeds to
step S2. At step S2, the machining count setting unit 53a sets
the number of times of machining the workpiece W, and then
the control goes to step S3.

At step S3, the processing unit 52 determines whether to
hold a core C. When a core C should be held, the control

proceeds to step S4. When a core C 1s not held, the control
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proceeds to step S7. Determination on whether to hold a core

C 1s made based on whether or not a core C 1s produced from
the created machining shape of the workpiece W when the
workpiece W 1s machined. That 1s, the processing unit 52
determines that a core C should be held when the core C is
produced in machiming the workpiece W, and determines
that a core C need not be held when no core C 1s formed in
machining the workpiece W. Further, this determination may
be made by user mput through the input unit 46, 1.e., by
entering the user’s decision on whether to hold a core C.

At step S4, the fixing position setting unit 535 sets {ixing,
positions 38, and then the control goes to step S5. At step S5,
the processing unit 52 determines whether or not the core C
should be removed. When removal of the core C 1s needed,
the control goes to step S6. When removal of the core C 1s
not needed, the control goes to step S7. The user operates the
input unit 46 and inputs the user’s decision on whether or not
to cause the robot 14 to perform core handling. The pro-
cessing unit 52 determines whether or not to remove the core 3¢
C based on the information mput by the user. If no robot 14
tor performing the core handling performs the core handling,

a worker taps the core C with a hammer or the like to remove
the core C.

At step S6, the core handling position 38 1s set by the core 25
handling position setting unit 33¢, and the control proceeds
to step S7. At step S7, the main program generating unit 525,
the machining program generating unit 52¢ and the core
handling program generating umt 524 generate a main
program, a machining program and a core handling pro- 30
gram, and then the program generation process 1s completed.

FIG. 6 1s a flowchart showing the flow of the program
generating process performed 1n the main program gener-
ating unit 525, the machining program generating unit 32¢
and the core handling program generating unit 32d. FIG. 6 35
shows an example of a program generation process when the
number of times of machining 1s set at 3.

At step S11, a main program 1s generated, and the control
proceeds to step S12. At step S12, a program (primary
machining program) for controlling the wire electrical dis- 40
charge machine 12 so as to perform primary machining on
the workpiece W 1s generated, and then the control proceeds
to step S13.

At step S13, it 1s determined whether or not execution of
core handling has been selected at step S5 1n FIG. 5. If an 45
allirmative determination 1s made, the control proceeds to
step S14, whereas 11 a negative determination 1s made, the
control proceeds to step S20.

At step S14, a variable n 1s set at 1, and the control goes
to step S15. At step S185, 1t 1s determined whether or not a 50
core handling position 58 has been set for the core C of
number n. When a core handling position 58 has been set for
the core C of number n, the control proceeds to S16. When
no core handling position 58 has been set for the core C of
number n, the control proceeds to step S18. For example, 55
there are cases where multiple cores C are produced 1n a
single workpiece W as shown in FIG. 2. Each core C 1s
assigned with a shape number 1n order from “1”, and a core
C of number n i1ndicates a core C assigned with a number
“n”. 60

At step S16, a command for controlling the robot 14 so as
to move the end eflector 146 to the core handling position 38
of the core C of number n i1s generated, and the control
proceeds to step S17. At step S17, a command for the end
ellector 14H to perform core handling, 1.e., apply an impact 65
to the core C, 1s generated, and then the control proceeds to

step S18.
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At step S18, it 1s determined whether the variable n 1s
equal to the number of the cores C. When the variable n
comncides with the number of the cores C, the process goes
to step S20. If the variable n 1s not equal to the number of
cores C, the control goes to step S19.

At step S19, the variable n 1s incremented by one, and the
control proceeds to step S15. At step S20, a program
(secondary machining program) for controlling the wire
clectrical discharge machine 12 so as to perform secondary
machining on the workpiece W 1s generated, and then the
control proceeds to step S21. At step S21, a program (tertiary
machining program) for controlling the wire electrical dis-
charge machine 12 so as to perform tertiary machining on
the workpiece W 1s generated, and then the program gen-
eration process 1s ended.

[Machining Program Example]

FIG. 7 1s a diagram showing an example of a main
program generated by the main program generating umnit
52b. F1G. 8 1s a diagram showing an example of a machining
program generated by the machining program generating
unit 52¢. FIG. 9 1s a diagram showing an example of a core
handling program generated by the core handling program
generating unit 524. In FIGS. 7, 8 and 9, “L1:”, “L.2:” and
the like are added as line numbers, but these line numbers
are added for 1llustrative purposes in the following descrip-
tion, hence are not given 1n the actual programs. Now, the
programs will be explained, heremnbelow, line by line.
(Main Program)

L.1: Call a subprogram 5099 for controlling the wire elec-
trical discharge machine 12 so as to move the worktable
22 to a position for changing the workpiece W. The
workpiece changing position 1s, for example, the lower
left position 1n the work-pan 20 in FIG. 1.

[.2: Cause the robot 14 to grip an unmachined workpiece W
stored 1n the workpiece stocker 26 by the end effector 1456
and attach the workpiece W to the worktable 22.

[.3: Call a subprogram 5000 (machining program) for con-
trolling the wire electrical discharge machine 12 so as to
machine the workpiece W.

[.4: Call a subprogram 5099 for controlling the wire elec-
trical discharge machine 12 so as to move the worktable
22 to the workpiece changing position.

L5: Cause the robot 14 to grip the machined workpiece W
by the end effector 145, detach 1t from the worktable 22
and put 1t 1n the workpiece stocker 26.

[.6: End the main program.

(Machining Program)

L.11: Close the lifting door 32.

[.12: Fill the work-pan 20 with the dielectric working tluid.

[L13: Turn ON preparations for machining.

[L14: Call a subprogram 1000 for controlling the wire
clectrical discharge machine 12 so as to perform primary
machining on the workpiece W.

[.15: Call a subprogram 5090 (core handling program) for
controlling the robot 14 so as to perform core handling.

[L16: Call a subprogram 2000 for controlling the wire
clectrical discharge machine 12 so as to perform second-
ary machining on the workpiece W.

[L17: Call a subprogram 3000 for controlling the wire
clectrical discharge machine 12 so as to perform tertiary
machining on the workpiece W.

[.18: End the machining subprogram.

(Core Handling Program)

[.21: Call the subprogram 3099 for controlling the wire
clectrical discharge machine 12 so as to move the work-
table 22 to the workpiece changing position.
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[.22: Cause the robot 14 to grip the workpiece W by the end
effector 144, detach it from the worktable 22 and move to
the core handling area 28.

[.23: Move the worktable 22 so as to position the wire
clectrode 18 at the core handling position 58 for the core
C of Shape 1, on the assumption that the workpiece W 1s
placed on the worktable 22.

[.24: Store the current position of the worktable 22 on the
X-axis 1n the machine coordinates mto an address #300.

[.25: Multiply the value 1n the address #3500 by 10 and store
the result into the address #500.

[.26: Store the value 1n the address #3500 nto an address
D8214 which performs communication with the robot 14.

[.27: Store the current position of the worktable 22 on the
Y-axis in the machine coordinates into an address #501.

[.28: Multiply the value 1n the address #3501 by 10 and store
the result 1nto the address #501.

[.29: Store the value in the address #3501 mto an address
08216 which performs communication with the robot 14.

[.30: Store the current position of the worktable 22 on the
Z-axis 1n the machine coordinates into an address #502.

[.31: Multiply the value 1n the address #3502 by 10 and store
the result 1nto the address #502.

[.32: Store the value 1n the address #3502 into an address
08218 which performs communication with the robot 14.

[.33: Cause the robot 14 to move the end ellector 145 to the
core handling position 58 of the workpiece W placed in
the core handling area 28. This core handling position 58
1s a position obtained by transforming the current position
of the worktable 22 on each axis 1n the machine coordi-
nates stored at .24, .27, L.30, into the position on the core
C placed in the core handling area 28. Thus, the end
cilector 145 gives an impact to the core C at the core
handling position 58 to remove the core C.

[.34: Move the worktable 22 so as to position the wire
clectrode 18 at the core handling position 38 of the core
C of Shape 2, on the assumption that the workpiece W 1s
placed on the worktable 22.

(Hereinafter, program commands similar to .24 to L33 are
generated so as to perform core handling for each core C.)

[.35: Call the subprogram 5099 for controlling the wire
clectrical discharge machine 12 so as to move the work-
table 22 to the workpiece changing position.

[.36: Cause the robot 14 to grip the workpiece W by the end
cilector 14b, take out 1t from the core handling area 28 and

attach 1t to the worktable 22.

[.37: End the core handling subprogram.
|Operation and Eflect]

In the wire electrical discharge machining system 10, the
robot 14 for automatically changing the workpiece W on the
worktable 22 1s 1nstalled. The robot 14 can also perform the
core handling which the operator has manually performed.
The conventional program generating apparatus, when the
machining shape ol a workpiece W 1s input, can automati-
cally generate the main program and the machining program
shown 1n FIGS. 7 and 8, but cannot automatically generate
the core handling program. Accordingly, the user conven-
tionally has to create a core handling program.

In the core handling program, it 1s necessary to set core
handling positions 38. A core handling position 58 1s deter-
mined according to the position and shape of the core C in
the workpiece W. Conventionally, it has been necessary for
the user to analyze the machining program to thereby grasp
the positions and shapes of the cores C 1n the workpiece W
betore preparing a core handling program. This task requires
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a lot of labor by the user. Further, since the machining
program needs to be analyzed, a high level of expertise 1s
required.

In the present embodiment, the core handling program
generating unit 524 of the processing umit 52 1s adapted to
generate a core handling program according to the shape of
a workpiece W imput by the user. As a result, the core
handling program 1s automatically generated, so that 1t 1s
possible to reduce user’s labor for programming, and efli-
ciently generate the program. In addition, even a user
without a high level of expertise can generate the program
for causing the robot 14 to perform core handling.

Further, 1n the present embodiment, the user designates a
desired position on the core C displayed on the screen of the
display unit 48 through the mput unit 46 so as to set a core
handling position 58 in the core handling position setting
unit 53¢, and the core handling program generating unit 524
generates a program for controlling the robot 14 so as to
apply an impact to the core C at the input core handling
position 58. In this way, the user can designate a core
handling position 58 by a simple operation, and the core
handling program generating unit 524 can generate a pro-
gram for causing the robot 14 to perform core handling at the
core handling position 58.

In the present embodiment, the core handling position
setting unit 53¢ calculates the center of gravity of the input
shape of the core C, and sets the calculated center of gravity
as the core handling position 58. The core handling program
generating unit 524 generates a program for controlling the
robot 14 so as to apply an impact to the core C at the set core
handling position 58. As a result, the core handling position
58 can be automatically set without the need of inputting of
a core handling position 58 by the user, and the core
handling program generating unit 524 can generate a pro-
gram for causing the robot 14 to perform core handling at the
core handling position 58.

Further, 1n the present embodiment, when multiple cores
C are formed 1 a workpiece, the core handling program
generating unmt 324 generates a program for controlling the
robot 14 so as to apply an impact to each of the multiple
cores C at the corresponding core handling position 58.
Thereby, 1t 1s possible to generate a program for causing the
robot 14 to perform core handling on multiple cores C.

Other Embodiments

Although the embodiments of the present invention have
been described above, the specific configuration of the
invention 1s not limited to the above embodiments, but
changes 1n design and the like without departing from the
g1st of the present invention should also be included 1n the
present 1nvention.

What 1s claimed 1s:

1. A program generating apparatus, comprising;

an input unmt configured to be operated by a user to
thereby input a machining shape of a workpiece; and

a processor configured to generate a machining program
configured to control a wire electrical discharge
machine so as to machine the workpiece 1n accordance
with the imput machining shape of the workpiece and so
as to 1ix, to the workpiece, a core which 1s produced
when the workpiece 1s machined,

wherein the processor generates a core handling program
configured to control a robot so as to remove the core
from the workpiece by applying an impact to the core
in accordance with the mput machiming shape of the
workpiece,
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the program generating apparatus further comprising a
display unit configured to display on a screen of the
display unit the mput machining shape of the work-
piece and a shape of the core obtained 1n accordance
with the machining shape of the workpiece,

wherein:

the input unit designates an arbitrary position on the core
displayed on the screen of the display unit by being
operated by the user, and

the processor generates the core handling program con-
figured to set the arbitrary position designated by the
input unit as a core handling position and control the
robot so as to apply an impact to the core at the core
handling position.

2. A program generating apparatus, comprising:

an mput umt configured to be operated by a user to
thereby mput a machining shape of a workpiece; and

a processor configured to generate a machining program
configured to control a wire electrical discharge
machine so as to machine the workpiece 1n accordance
with the imnput machining shape of the workpiece and so
as to fix, to the workpiece, a core which 1s produced
when the workpiece 1s machined,

wherein the processor generates a core handling program
configured to control a robot so as to remove the core
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from the workpiece by applying an impact to the core
in accordance with the mput machiming shape of the
workpiece, and

generates the core handling program configured to set a
center of gravity of a shape of the core obtained 1n
accordance with the mput machining shape of the
workpiece as a core handling position and control the
robot so as to apply an impact to the core at the core
handling position.

3. The program generating apparatus according to claim
1, wherein when the core obtained 1n accordance with the
input machining shape of the workpiece comprises multiple
cores, the processor generates the core handling program
configured to set the core handling position for each of the
cores and control the robot so as to apply an 1mpact to each
of the cores at the set core handling position.

4. The program generating apparatus according to claim
2., wherein when the core obtained 1n accordance with the
input machining shape of the workpiece comprises multiple
cores, the processor generates the core handling program
configured to set the core handling position for each of the
cores and control the robot so as to apply an impact to each
of the cores at the set core handling position.
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